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ABSTRACT 
Current macroscopic meat inspection cannot detect the most common pork-borne pathogens 
(Salmonella spp., Yersinia enterocolitica and Toxoplasma gondii). Furthermore, food chain 
information (FCI) may not provide sufficient data for visual-only inspection, which is supposed 
to be the common way of inspection of pigs in the European Union. Our observational study 
aimed to evaluate the serological monitoring and the clinical evaluation of on-farm health status 
of pigs and assess the feasibility of these data as part of the FCI in meat inspection. We studied 
the serological status of Salmonella spp., Yersinia spp. and T. gondii in pigs during the fattening 
period. Additionally, we evaluated the association between on-farm health status and meat 
inspection findings. On 57 indoor fattening pig farms in Finland, we collected blood samples 
(mean of 20 pigs/farm) and assessed the on-farm health (coughing, tail biting, lameness) at the 
end of the fattening period. We visited 34 of these farms also at the beginning of the fattening 
for sampling and on-farm health evaluation of the same pigs. Meat inspection results were 
obtained after slaughter for all 57 farms. Salmonella seroprevalence was low at the end of the 
fattening period: it was 17.6%, 10.6% or 1.9%, with the cut-off values of OD15% 
(recommended by the test manufacturer), OD20% (used by Danish monitoring programme) and 
OD40% (used by German monitoring programme), respectively.  The overall seroprevalence 
of Salmonella spp. and Yersinia spp. increased significantly (P<0.001) during the fattening 
period (from 8.1% to 17.2% and from 30.3% to 72.3%, respectively), while the seroprevalence 
of T. gondii remained low (<1%). The within-farm seroprevalences of Salmonella spp. and 
Yersinia spp. differed significantly between the farms and this farm-level serological data could 
be used as FCI for risk-based decisions to improve food safety. Such potentially feasible 
decisions could include additional carcass testing, carcass decontamination, carcass processing, 
slaughtering arrangements and improved biosecurity measures at the farm. However, risk 
mitigation targets and procedures must be carefully adjusted for each pathogen regarding also 
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economic aspects. Tail biting observed on farm was associated with partial carcass 
condemnations and arthritis at slaughter. This information could be included in the FCI and 
used when making decisions regarding meat inspection procedure: visual-only or additional 
inspections.  
 
KEYWORDS 
Yersinia, Salmonella, Toxoplasma, pig, food chain information, meat inspection 
 
INTRODUCTION 
Meat inspection of pigs in EU consists of food chain information (FCI), ante-mortem inspection 
of live animals and post-mortem inspection of carcasses and offal (European Parliament and 
Council, 2004). Laboratory testing for Trichinella spp. is mandatory for all pigs, unless they 
are raised under officially recognised controlled housing conditions (European Commission, 
2015). However, the most relevant food safety hazards in the context of pig meat in the EU 
(Salmonella spp., Yersinia enterocolitica, Toxoplasma gondii and Trichinella spp.) show no 
clinical symptoms nor gross pathological lesions in pigs and are not detectable within the 
current meat inspection, except Trichinella spp. by laboratory analysis (EFSA, 2011). Therefore, 
the meat inspection process should be modernised to control current food safety risks (EFSA, 
2011). 
 
A comprehensive pork carcass safety assurance system from ‘the farm to the fork’ is needed to 
ensure an effective control of the main hazards (EFSA, 2011). Control measures in the pre-
harvest phase of production reduce the pathogens in fattening pigs and reduce the risk of 
transmitting them into the food chain. FCI should be the link between the farm and the 
slaughterhouse providing information related to food safety. However, available information 
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on the prevalence of the above-mentioned food safety hazards at farms is limited. National 
Salmonella Control programmes exists in some EU countries, including Finland, but similar 
programmes for Y. enterocolitica and T. gondii are missing. EFSA (2011) concluded that 
improved FCI should be used to differentiate pig batches according to the food safety risks by 
sampling at farms or at slaughterhouses.  
 
In addition to food safety issues, meat is also declared unfit for human consumption if it presents 
with patho-physiological changes or anomalies in consistency or in organoleptic quality 
(European Parliament and Council, 2004). These are mostly meat quality issues and do not pose 
a risk for food safety. The official EU post-mortem meat inspection of pigs shifted to visual-
only meat inspection in 2014 (European Commission, 2014), although it is only partly 
implemented, among others due to requirements from third countries for exporting 
slaughterhouses (Alban et al., 2018). The change of legislation toward visual-only meat 
inspection was done to limit bacterial cross-contamination during meat inspection. Palpation 
and incision procedures should be carried out only for abnormal or suspect carcasses and offal. 
Healthy pigs are the prerequisite for visual-only meat inspection. Batches of pigs with high 
frequency of lesions should be slaughtered separately as they need a slower line speed and 
adequate human resources at trimming line or destined to the rework area. FCI should be a tool 
for food business operators and official veterinarians to recognize, prior to slaughter, the 
batches of pigs with high frequencies of lesions, which need additional inspection and are not 
suitable for visual-only meat inspection alone. In Finland, farmers currently report symptoms 
(e.g. tail biting, limping, coughing) occurring in the batch in FCI but it seems that this 
information is not always accurate (Felin et al., 2016).  
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We hypothesize that serological profiles and on-farm health data could be used as FCI to 
mitigate food safety risks and predict condemnations, respectively.  To test this hypothesis, we 
evaluated the seroprevalences of Salmonella spp., Yersinia spp. and T. gondii in pigs during the 
fattening period and assessed the feasibility of using serological results as part of the FCI in 
meat inspection. In addition, we examined associations between on-farm health data and 
condemnations at slaughter and the FCI in predicting condemnation rates. The associations 
between condemnations at slaughter and within-farm seroprevalences were analysed to confirm 
that these pathogens are not detectable in current meat inspection. 
    
MATERIAL AND METHODS 
Data 
This was a follow-up study of fattening pigs in 57 indoor farms in Finland. Farms were allocated 
according to farm types: 39% were large fattening farms (≥1000 pig places), 21% were small 
fattening farms (<1000 pig places) and 40% were farrow-to-finish farms. The study was 
performed during 2012–2014. The farms were selected through the willingness of the individual 
farmers to participate and according to the needs of another study investigating chronic pleurisy 
in fattening farms. The farms were located in southern Finland, and each slaughtered at least 
1000 pigs per year. If the farm had several compartments, only one compartment per farm was 
included in our study.  
 
A veterinarian visited the farms to take blood samples and to evaluate the health status of the 
pigs. All farms (n=57) were visited at the end of the fattening period (Visit B, median 10 weeks, 
range 6-15 weeks after arrival).  In addition to this, 34 farms were visited also at the beginning 
of the fattening period (Visit A, median 6 days, range 0–18 days after arrival). Pigs arrive to 
the fattening unit typically at the age of 9-10 weeks. 
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The on-farm health status of the pigs in the compartment was evaluated by observing around 
100 pigs per farm (Visit A: median 110 pigs, range 19–181; Visit B: median 105 pigs, range 
19–180) for signs of lameness and fresh/healed tail biting. Coughing was evaluated by forcing 
all pigs in the compartment to stand up and then the number of coughing episodes during the 
following 5 minutes were registered. The coughing index was calculated by dividing the 
number of coughing episodes by the number of pigs in the compartment.  
 
An average of 20 pigs (range 15-21) were randomly selected from various parts of the 
compartment and ear-tagged for blood sampling. Blood samples were collected from the jugular 
vein after catching the pigs with a snout snare. We stored the samples at 4 °C for up to 24 hours 
before centrifuging in the laboratory at 3000 rpm for 10 minutes. Sera was separated and stored 
frozen in –18 °C until analysis. In total, we sampled 653 individual pigs twice (at visits A and 
B) and in addition 487 pigs once (463 pigs only at visit B and 24 pigs only at visit A). 
 
In total, we analysed 1793 blood samples using commercial enzyme-linked immunosorbent 
assay (ELISA) to test antibodies against Salmonella spp. (pigtype® Salmonella Ab, Qiagen, 
Leipzig, Germany), pathogenic Yersinia spp. (pigtype® Yersinia Ab, Qiagen, Leipzig, 
Germany) and T. gondii (pigtype® Toxoplasma Ab, Qiagen, Leipzig, Germany). The tests were 
performed and the results (S/P-ratio) were calculated and interpreted following the 
manufacturer’s instructions. We considered samples with S/P ratio ≥30% positive. OD% values 
for Salmonella spp. were calculated according to the following equation: OD% =
S/P x 100%
2
 . 
We considered samples with an OD ≥15% positive for Salmonella spp. Sensitivity and 
specificity of the used kits are nearly 100% according to the manufacturer. Pathogenic Yersinia 
spp. includes strains of Y. pestis, Y. pseudotuberculosis and Y. enterocolitica carrying the 
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virulence plasmid. The serological reactions in Finnish fattening pigs are assumed to be mainly 
due to infection with Y. enterocolitica, although the presence of Y. pseudotuberculosis cannot 
be excluded (Felin et al., 2015). 
 
The 57 farms in the study represented 4% of all the farms raising fattening pigs in Finland. For 
the sample size estimation, the seroprevalence of Yersinia spp. was assumed to be 57%, T. 
gondii 3% and Salmonella spp. 3% at the end of the fattening (Felin et al., 2015).  Consequently, 
the sample size (1116 fattening pigs at the end of the fattening and 653 fattening pigs sampled 
twice) was adequate to estimate seroprevalences of Salmonella spp. and T. gondii with 1-1.5% 
precision and seroprevalence of Yersinia spp. with 3-4% precision with 95% confidence (Naing 
et al., 2006). Within each farm, the sample size of 20 fattening pigs enabled us to estimate the 
within-farm seroprevalence of Salmonella spp. and T. gondii with 95% confidence and 8% 
precision and Yersinia spp. with 95% confidence and 22% precision (Naing et al., 2006). The 
on-farm health status was estimated to be assessed with 95% confidence and 2-7% precision by 
evaluating 100 pigs/farm (Naing et al., 2006). 
    
The feasibility of serological results as part of the FCI were evaluated by assessing differences 
in within-farm seroprevalences between farms and overall seroprevalences. Serological results 
were considered useful in targeting interventions when there were differences between farms 
and the overall seroprevalence was relevant or deductible.  
 
We obtained meat inspection data from the slaughterhouse. Data covered all fattening pigs 
(n=25552), originating from the 57 farms, that were slaughtered at the same time as the pigs 
studied in the same farms.  
 
AC
CE
PT
ED
 M
AN
US
CR
IPT
8 
 
The National Animal Experiment Board in Finland approved the experiments. 
 
Statistical analysis  
Pigs were considered ‘seropositive’ for a pathogen if the serum sample was positive. ‘Within-
farm seroprevalence’ means the number of positive samples from the farm per the number of 
samples taken from the farm, presented as a percentage.  
 
Variables in the logistic regression analyses for associations to the serological status of the 
pigs 
Statistical analyses were done to evaluate the comorbidity and the effect of the within-farm 
seroprevalence at the beginning of the fattening. The unit of interest was a pig. The dependent 
variables were 1) Yersinia seropositivity of the pig (seropositive/seronegative) at the beginning 
of fattening, 2) Yersinia seropositivity of the pig (seropositive/seronegative) at the end of 
fattening, 3) Salmonella seropositivity of the pig (seropositive/seronegative) at the beginning 
of fattening, 4) Salmonella seropositivity of the pig (seropositive/seronegative) at the end of 
fattening. Each dependent variable was separately analysed. Independent variables were a pig’s 
simultaneous seropositivity to the other pathogen (Yersinia spp./Salmonella spp., binomial 
variable) than the dependent variable, and the within-farm seroprevalence (%) of the studied 
pathogen at the beginning of fattening (scale variable) for dependents 2 and 4. Associations 
with T. gondii seropositivity were not analysed because of the low number of seropositive pigs. 
 
Variables in the logistic regression analyses for risk factors for condemnations at 
slaughter 
The associations between condemnations at slaughter and on-farm health data were analysed to 
examine if on-farm health data predicted condemnations. The unit of interest was a farm. The 
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dependent variables were 1) Partial carcass condemnation rate, 2) Arthritis rate and 3) Abscess 
rate at the farm. Each dependent variable was separately analysed and introduced to the model 
as ‘events/trials’, e.g. ‘n of condemned pigs/n of pigs’. Independent variables were scale farm-
level variables, which are shown in Table 1 (On-farm health of pigs). Independent variables 
also included the within-farm seroprevalences of Salmonella spp. and Yersinia spp. at the 
beginning and end of fattening. Each dependent variable was analysed twice: first with the 
factors at the beginning of fattening (n=34 farms) and then with the factors at the end of 
fattening (n=57 farms).  
 
Logistic regression analysis 
The association between each independent and dependent variable was first screened using a 
univariable generalized linear mixed model with farm as a random effect using the logistic link 
function. Independent variables with P≤0.1 in the univariable analysis were introduced to the 
multivariable generalized linear mixed model with farm as a random effect using the logistic 
link function. Collinearity was checked by calculating Spearman correlations between 
independent variables in the final model. Correlations were at maximum moderate (all <0.35).   
Variables with P<0.05 were considered statistically significant in the multivariable model.  
 
Other statistical analysis 
Wilcoxon signed-rank test was used to compare the within-farm seroprevalences at the 
beginning and at the end of the fattening. McNemar test was used to compare the 
seroprevalences of all pigs sampled twice at the beginning and the end of the fattening. The 
number of seropositive pigs originating from different farm types was compared using one-way 
analysis of variance (ANOVA) and Games Howell post hoc test. P-values <0.05 were 
considered to indicate statistical significance. 
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Analyses were computed using the analytical software package SPSS® Statistics Version 23 
(IBM Corp., New York, USA).  
 
RESULTS 
Serological findings 
The apparent pig-level seroprevalences of Yersinia and Salmonella rose significantly (P<0.001) 
during the fattening period: Yersinia spp. from 30.3% to 72.3% and Salmonella spp. from 8.1% 
to 17.2% seropositive pigs, while the apparent seroprevalence of T. gondii remained at 0.6% 
(Table 2). The within-farm seroprevalences of Yersinia spp. and Salmonella spp. were 
significantly (P<0.01) higher at the end of the fattening than at the beginning. We observed 
significant differences between farms: within-farm seroprevalences ranged 0–100% of Yersinia 
spp. and 0–55% of Salmonella spp. seropositive pigs at the end of fattening. T. gondii 
seropositive pigs were sporadic and within-farm seroprevalences ranged 0-10%. On two farms, 
all tested pigs remained seronegative for all tested pathogens throughout the entire study.  
 
At the end of the fattening, pigs at large fattening farms were more often Yersinia seropositive 
than pigs at farrow-to-finish farms (70% vs. 62%, respectively, P<0.05). No other differences 
between seroprevalences in pigs at different farm types were found. 
 
The OD values of the Salmonella seropositive blood samples at the end of the fattening period 
were mostly between 15–30% (Fig. 1). We used the cut-off value recommended by the 
manufacturer (OD15%). The German Salmonella monitoring programme (QS Qualität und 
Sicherheit, 2018) use the cut-off value of OD40% and Danish Salmonella control program 
OD20% (Alban et al., 2012).  Salmonella seroprevalence at the end of the fattening period was 
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17.6%, 10.6% or 1.9%, with the cut-off values of OD15%, OD20% and OD40%, respectively. 
Within-farm seroprevalences of Salmonella spp. ranged 0-20% at the end of fattening with cut-
off value OD40%.   
 
Associations between Salmonella and Yersinia seropositivity 
There were multiple associations between Salmonella and Yersinia seropositivity of individual 
pigs (Table 3). ‘The within-farm Yersinia seroprevalence at the beginning of fattening’ was a 
risk factor for Yersinia seropositivity in individual pigs at the end of the fattening (Table 3). 
Interestingly, the within-farm Salmonella seroprevalence at the beginning of fattening was not 
associated with individual pigs` seropositivity at the end of fattening (P=0.49).  
 
Risk factors for condemnations at slaughter 
In total, 7.1% (1818/25552) of the carcasses were subjected to partial condemnation, 4.8% 
(1221/25552) of the carcasses had abscesses and 3.3% (833/25552) of the carcasses had arthritis 
lesions. Within-farm meat inspection results are shown in Table 1.   
 
Significant risk factors for partial carcass condemnation rate at slaughter were the healed tail-
biting rate at the end of the fattening period and the fresh tail-biting rate at the beginning of 
fattening (Table 4). No significant risk factors were observed for abscess rate, and only one for 
arthritis rate, namely the fresh tail-biting rate at the beginning of the fattening period (Table 4). 
The odds ratios detected were small, e.g. 1.009 for healed tail biting. This means that the odds 
of a pig carcass to be partially condemned were 0.9% higher when the percentage of pigs 
affected with healed tail biting in the farm increased by 1 per cent unit (Fig. 2). For example, if 
farm had a problem and healed tail biting rate was 50%, the probability of pig carcass to be 
partially condemned was 8.8% (OR 0.097; p(probability)=OR/(1+OR); logit=b0+b1*x1; 
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OR=exp(logit)). Within-farm Salmonella and Yersinia seroprevalences did not associate with 
any of the meat inspection findings. 
 
DISCUSSION 
Yersinia and Salmonella seroprevalences increased significantly during the fattening period. 
Seropositive pigs at the beginning of fattening were likely to be infected before arriving at the 
fattening unit, because it takes at least 12 days for Yersinia and 7 days for Salmonella antibodies 
to rise after infection (Nielsen et al., 1995, 1996).  
 
Yersinia seropositive pigs were detected more often at large fattening farms than at farrow-to-
finish farms. This is in accordance with previous studies (Felin et al., 2015; Skjerve et al., 1998) 
and might result from the limited traffic of live animals to farrow-to-finish farms that seldom 
buy piglets from other farms. It has been shown that piglets may transport Y. enterocolitica to 
the fattening unit, where the bacteria spread effectively during fattening (Virtanen et al., 2012). 
This can also explain the results of our study: the high within-farm Yersinia seroprevalence at 
the beginning of fattening was associated with more seropositive pigs at the end. At seven (12%) 
farms of which five (71%) were farrow-to-finish farms, all tested pigs were Yersinia 
seronegative at the end of the fattening period. By serological monitoring at slaughter, farms 
with low Yersinia prevalence could be identified and these farms could be supported to maintain 
the low Yersinia prevalence e.g. through the possibility of buying piglets from Yersinia-
negative farms (Laukkanen-Ninios et al., 2014; Skjerve et al, 1998; Vilar et al., 2013; Virtanen 
et al., 2012). Currently, the prevalence of Y. enterocolitica is high in fattening pigs (especially 
in tonsils) at slaughter and therefore, good slaughter hygiene is as a major control measure to 
reduce carcass contamination. In addition, pigs from high-risk farms could be slaughtered at 
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the end of the day and hot water decontamination of these carcasses could be used, though 
studies on pork carcasses are scarce (Laukkanen-Ninios et al., 2014). 
 
Salmonella seroprevalence at the end of the fattening period was higher than expected 
considering the results from the Finnish Salmonella Control Program, where the prevalence of 
Salmonella culture-positive lymph node samples at slaughter has been <0.1% and no 
Salmonella have been found in carcass swabs nor in pork during the 2010s (Anon., 2015; 
https://www.evira.fi/globalassets/elaimet/zoonoosikeskus/zoonoosit/taudit/salmonella/salmov
alvontaohj_siat2016paivheinakuu2017.pdf, visited July 8, 2018). However, the OD values of 
our positive samples were relatively low. Low-dose infections during fattening with feed- or 
environment-associated Salmonella serotypes may explain this considerably high 
seroprevalence associated with the low OD values in positive pigs (Österberg and Wallgren, 
2008; van Winsen et al., 2001). In addition, the specificity of the test in natural infections might 
be far less than 100% (Vico et al., 2010), especially when using low cut-off values, in which 
case the true prevalence decreases to a prevalence close to 0% (Reiczigel et al., 2010). Recent 
studies by Casanova-Higes et al. (2017) and Mainar-Jaime et al. (2018) found a significant 
relationship between on-farm Salmonella serology and Salmonella shedding at slaughter. 
However, if we wish to assess the risk of shedding at slaughter, reflecting the food safety aspect, 
the cut-off OD40% would be more suitable (Casanova-Higes et al, 2017; Mainar-Jaime et al., 
2017). In our study, 1.9% of the pigs were seropositive using a cut-off of OD40%. The 
estimated true seroprevalence does not differ a lot from this apparent seroprevalence, because 
the test is expected to be highly specific but less sensitive with cut-off OD40%.   
 
In Denmark, meat-juice samples taken from fattening pigs at the time of slaughter has been 
proven to be an effective way of identifying high-risk herds for Salmonella as part of a reduction 
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strategy (Alban et al., 2012). In contrast, the current Finnish Salmonella control programme 
operates as an eradication strategy (Finnish Food Safety Authority, 2018). Because the cost of 
Salmonella eradication on pig farms is very high, the eradication decision cannot be based only 
on highly sensitive serological monitoring. However, we found differences between farms and 
by serological testing we could monitor the Salmonella risk at farm level and react promptly by 
improving preventive measures at the farm.  Limits of within-farm seroprevalence could be set 
to indicate an elevated food safety risk, which would result in bacteriological sampling at a 
farm and, in Finnish context, subsequent actions to eradicate the pathogen from the farm 
whenever Salmonella spp. is isolated. Limits and procedures, whenever considered as 
economically feasible, must be carefully adjusted in relation to mitigation targets in each 
country. For example, the largest slaughterhouse company in Denmark is using hot water 
decontamination for carcasses from high-risk farms (Alban et al., 2012). 
 
We observed a clear positive association between an individual pig`s seropositivity for 
Salmonella spp. and Yersinia spp. Our result corresponds with our previous study in Finland 
(Felin et al., 2015), but is in contrast with findings from other countries (Nathues et al., 2013; 
Powell et al., 2016; Von Altrock et al., 2011). The difference between the results in Finland and 
other countries can be due to the low prevalence of Salmonella spp. infections in pigs in Finland 
affecting the epidemiology. However, none of the other studies analysed the association of 
seropositivity at pig level. The antigens used in the tests are specific, and no cross-reactivity is 
suspected between Yersinia and Salmonella (Nielsen et al., 1995). 
 
The seroprevalence of T. gondii in the present study (0.7%) was lower than in our previous 
study (3.2%) (Felin et al., 2015). Considering the specificity of the test is not 100%, the 
estimated true prevalence in present study was probably close to 0% (Reiczigel et al., 2010). 
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Difference in results may be due to the different ELISA test kits we utilized and partly due to 
farm selection. The test we used in present study is more specific than the test we used before 
(Felin et al., 2015, 2017). In present study, we only included farms that slaughter at least 1000 
pigs per year, while most of the T. gondii seropositive pigs in our previous study arrived from 
small fattening farms (Felin et al., 2015).  Pigs from smaller herds have been shown to have a 
higher risk for T. gondii seropositivity also in other studies (Limon et al., 2017; Villari et al., 
2009). Because the true prevalence was near 0%, the continuous serological monitoring would 
not be of use in risk ranking of indoor fattening farms slaughtering at least 1000 pigs per year 
in Finland. Serological monitoring could be beneficial if targeted to small fattening farms or 
outdoor farms as it would enable us to detect farms where improvement in biosecurity measures 
are needed and carcasses from herds with high prevalence of T. gondii antibodies could be 
directed to freezing or heating.   
 
Trichinella spp. was not included in this study, because we analysed it in our previous study 
where all the samples were clearly negative (Felin et al., 2015). Since 2004, over 25 million 
pigs have been tested with digestion method, and only one positive pig was detected in 2010 
(Finnish Food Safety Authority Evira, 
https://www.evira.fi/elaimet/zoonoosikeskus/zoonoosit/loisten-aiheuttamat-
taudit/trikinelloosi/ , accessed in 8 July, 2018). If the Trichinella testing is to be diminished, as 
the legislation (European Commission, 2015) enables, then the serology would be a feasible 
way to survey the situation and the effectivity of the controlled housing conditions (EFSA, 
2011). However, at present the digestion testing continues because of trade concerns (Alban et 
al., 2018). 
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Salmonella and Yersinia seroprevalences at the end of fattening were higher in this study than 
what we have detected earlier with meat juice samples at slaughter (3.1% and 56.6%, 
respectively, Felin et al., 2015), and this is likely due to the different matrix (Wallander et al., 
2015). Blood samples seems to result in higher OD values than meat juice samples and this 
should be considered when planning control programs (Vico et al., 2011; Wallander et al., 2015). 
Results at the end of the fattening in our study are supposed to reflect the serological status at 
slaughter which is of importance to food safety. In routine monitoring, sampling at slaughter 
would be more feasible than on-farm sampling.   
 
Our data corresponded well with the national meat inspection statistics where the partial carcass 
condemnation rate was 6.4%, abscess rate 3.2% and arthritis rate 3.0% for all fattening pigs 
slaughtered in 2013. The main shortage of our study was that the on-farm health status was 
assessed only on approximately 100 pigs per batch and the meat inspections findings 
represented the whole batch.  
 
The fresh tail-biting rate at the beginning and the healed tail-biting rate at the end of fattening 
observed by the veterinarian on farm predicted partial carcass condemnations at slaughter well. 
We have shown in an earlier study (Felin et al., 2016), where tail biting was reported by farmers, 
that not all farmers reported the condition precisely. However, the farmers who did, tail-biting 
was a feasible predictor for condemnations in the batch, in addition to previous meat inspection 
findings. Also, other studies have shown that tail-biting victims have an increased incidence of 
abscesses and arthritis at slaughter, which leads to carcass condemnations (Marques et al., 2012; 
Valros et al., 2004). These results together show that a correctly reported tail-biting rate in FCI 
could be used in addition to the information on previous meat inspection results in 
slaughterhouses to predict the condemnations of incoming batches. This is not a food safety 
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issue, but important to visual-only meat inspection. We should be able to, preferably beforehand, 
recognize batches needing additional inspection e.g. at the rework area. Farmers must be 
properly advised to carefully report this information and need to be willing to perform this duty. 
The seroprevalences at the end of fattening were not associated with post mortem findings, 
which was expected and supports our previous results (Felin et al., 2016). This means that we 
need tools (e.g. serological monitoring) to control these public health hazards in pork. 
 
Conclusions 
As part of a comprehensive pork carcass safety assurance system, serological monitoring could 
be used to allocate pig farms into risk categories for which targeted control measures could be 
applied. Our results show that antibodies to Yersinia and Salmonella increase significantly 
during the fattening period indicating that best timing for the serological screening is in the end 
of the fattening period or at the slaughterhouse. Differences between farms were found in the 
within-farm Yersinia and Salmonella seroprevalence at the end of the fattening. Thus, 
serological results in FCI give the possibility for the slaughterhouse to risk-rank farms 
according to the risk of shedding Yersinia spp., and slaughter the pigs from high-risk farms at 
the end of the day and use hot water decontamination for these carcasses. Serological 
monitoring of Salmonella would recognize the farms at risk and encourage to improve 
preventive measures at these farms. In Finland and other countries where the prevalence of 
Salmonella in fattening pigs is low, limits of within-farm seroprevalence could be set to indicate 
an elevated food safety risk, which would result in bacteriological sampling at the farm and 
subsequent procedures based upon the microbiological results. In countries like Finland where 
the seroprevalence of Toxoplasma is very low, no extensive serological monitoring for 
Toxoplasma at slaughterhouse is needed but monitoring could be beneficial if targeted to small 
fattening farms and outdoor farms. On-farm health status indicators (such as tail biting) together 
AC
CE
PT
ED
 M
AN
US
CR
IPT
18 
 
with previous meat inspection results could be used as part of the FCI to make decisions 
regarding meat inspection procedure: visual-only or additional inspections.    
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Figure Caption 
Fig. 1. Salmonella OD values (%) of 1116 blood samples taken from fattening pigs at the end 
of the fattening period in Finland 
 
Fig. 2. The association between the healed tail biting injuries observed by veterinarian at the 
farm and partial carcass condemnation rate in meat inspection of fattening pigs from 57 farms 
in Finland. 
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Table 1. Farm-level data considering on-farm health and meat inspection findings in fattening 
pigs from pig farms in Finland 
 
 
a Coughing index: Pigs in one compartment were forced to stand up, the coughing episodes 
were recorded for 5 minutes and the number was divided with the number of pigs in the 
compartment. 
  
Subject Collected data No. of 
farms 
Description of data  
   Mean Median Range 
On-farm health 
of pigs 
Coughing index at the beginning of 
the fattening period a 
34 0.6% 0.5% 0–2.6% 
Coughing index at the end of the 
fattening perioda 
57 0.6% 0% 0–5.5% 
% of pigs with fresh tail-biting 
injuries at the beginning of the 
fattening period 
34 2.8% 0% 0–36.1% 
% of pigs with fresh tail-biting 
injuries at the end of the fattening 
period 
57 0.7% 0% 0–11.2% 
% of pigs with healed tail-biting 
injuries at the beginning of the 
fattening period 
34 8.0% 2.7% 0–38.0% 
% of pigs with healed tail-biting 
injuries at the end of the fattening 
period 
57 16.1% 11.3%  0–94.7% 
% of lame pigs, at the beginning of the 
fattening period 
34 0.9% 0% 0–6.0% 
% of lame pigs, at the end of the 
fattening period 
57 1.7% 1.7% 0–8.0% 
Within-farm 
meat 
inspection data 
at slaughter 
Partial carcass condemnation % 57 7.0% 6.8% 1.0–16.0% 
Arthritis % 57 3.3% 3.1% 0–10.0% 
Abscess % 57 4.5% 3.8% 1.0–13.0% 
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Table 2. Serological results of blood samples taken at the beginning (A) and at the end (B) of 
the fattening period from fattening pigs in Finland 
Bacteria 
Seropositivea 
All pigs 
(n=1116) 
 
All farms 
(n=57) 
 
Pigs (n=653) sampled 
twice 
 
Farms (n=34) sampled 
twice 
Sampling B   Sampling B   Sampling A Sampling B   Sampling A Sampling B 
Salmonella 
spp. 
Pathogenic 
Yersinia 
spp. 
Toxoplasma 
gondii 
196 17.6%  52 91.2%  53 8.1% 112 17.2% 23 67.6% 30 88.2% 
 
738 
 
66.1%  50 87.7%  198 30.3% 472 72.3% 20 58.8% 32 94.1% 
8 0.7%  6 10.5%  4 0.6% 4 0.6% 4 11.8% 3 8.8% 
a Seropositive farm = at least one positive sample  
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Table 3. Variables significantly (P<0.05) associated with Yersinia and Salmonella 
seropositivity in fattening pigs in Finland during 2012-2014 in final models using a generalized 
linear mixed model with farm as a random effect 
Dependent Factor Odds 
ratio 
95% 
CI 
P-
value 
No. of 
pigs 
No. of 
farms 
Yersinia seropositivity of 
the pig 
(seropositive/seronegative) 
at the beginning of 
fattening 
 
Simultaneous 
Salmonella 
seropositivity of 
the pig 
 
 
 
6.37 2.59–
15.69 
<0.001 677 34 
Yersinia seropositivity of 
the pig 
(seropositive/seronegative) 
at the end of fattening 
 
Simultaneous 
Salmonella 
seropositivity of 
the pig 
 
6.47 2.33–
17.94 
<0.001 656 34 
The within-farm 
Yersinia 
seroprevalence 
(%) at the 
beginning of 
fattening 
 
1.03 1.01–
1.05 
0.005 656 34 
Salmonella seropositivity 
of the pig 
(seropositive/seronegative) 
at the beginning of 
fattening 
 
Simultaneous 
Yersinia 
seropositivity of 
the pig 
5.10 2.94–
8.85 
<0.001 677 34 
Salmonella seropositivity 
of the pig 
(seropositive/seronegative) 
at the end of fattening 
 
 
Simultaneous 
Yersinia 
seropositivity of 
the pig 
4.05 2.44–
6.74 
<0.001 1116 57 
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Table 4. Farm-level factors significantly (P<0.05) associated with farm-level condemnation 
rates in fattening pigs in Finland using a generalized linear mixed model with farm as a random 
effect  
Dependent Factor Odds ratio 95% CI P-value No. of 
farms 
Partial 
condemnation 
rate 
Fresh tail biting Aa 1.028 1.000-1.057 0.047 34 
 Healed tail biting Bb 
 
1.009 1.002-1.016 0.008 57 
Arthritis rate Fresh tail biting Aa 1.035 
 
1.010-1.061 0.008 34 
a A= at the beginning of the fattening,  
b B= at the end of the fattening 
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